Background: Opioid agonist therapies with methadone are associated with higher levels of adherence to antiretroviral therapy (ART); yet, no studies have explored factors associated with optimal ART levels in HIV-positive patients on methadone maintenance treatment, including explanatory pathways using mediation analysis.
INTRODUCTION
Treatment of HIV infection using antiretroviral therapy (ART) has improved steadily since the advent of potent combination therapy. The administration of combination antiretroviral therapies has been shown to suppress plasma HIV-1 RNA to undetectable levels and transformed HIV infection from being life-threatening into a chronic, manageable condition. 1, 2 Over the past year, a growing body of literature has provided even stronger evidence of the effectiveness of HIV treatment in viral suppression and, in turn, preventing the sexual transmission of HIV. This evidence greatly contributed to an increasing global consensus toward HIV treatment-as-prevention (TasP) initiatives as a means of preventing new HIV infections and HIV-associated morbidity and mortality. [3] [4] [5] [6] International and U.S. guidelines now recommend universal ART for people living with HIV (PLWH). Once prescribed ART, however, PLWH must optimally adhere to treatment to achieve viral suppression, which in turn improves individual outcomes and reduces HIV transmission to others. Suboptimal ART adherence is associated with virological failure and the emergence of antiretroviral resistance. 1, [7] [8] [9] In the context of HIV-positive people who use drugs (PWUD), the provision of optimal HIV treatment has become a major challenge. Previous studies have shown that HIV-positive PWUD are less likely to have access to and receive regular HIV care, and have lower levels of adherence, which all lead to poor treatment outcomes. [10] [11] [12] [13] [14] [15] Thus, tailoring intervention approaches to address their specific needs could help optimize HIV treatment outcomes and prevention efforts.
In a recent decade, opioid agonist therapies such as methadone maintenance treatment (MMT) or buprenorphine have been shown to be highly effective in improving treatment outcomes. A recent systematic review among opioid-dependent HIV-positive patients suggests that being maintained on opioid agonist therapies is associated with being prescribed ART and achieving optimal adherence and viral suppression levels. 16 PLWH on MMT, however, are highly diverse and beyond the benefit of methadone on HIV TasP efforts. In the broader literature, several factors have been associated with optimal ART adherence. 15, [17] [18] [19] [20] [21] [22] [23] Despite substantial research in this area, previous studies have neither examined theoretically informed correlates of ART adherence nor explored the possible mechanism for optimal adherence among HIV-positive opioid-dependent individuals within drug treatment settings. Identifying subgroups at risk of suboptimal adherence would provide new insight to guide tailored and more effective HIV TasP strategies in this population.
METHODS

Study Setting and Procedures
Data for this secondary analysis were derived from the Holistic Health for HIV (3H+) project, a randomized controlled trial designed to improve HIV risk reduction and medication adherence among high-risk HIV-positive PWUD. The study design has been described previously. 24 Briefly, participants were recruited from community-based addiction treatment programs and HIV clinical care settings within the greater New Haven, CT, using clinic-based advertisements and flyers, word of mouth, and direct referral from counselors. Interested individuals who met inclusion criteria and who provided informed consent were administered the baseline survey using an audio computer-assisted self-interview program. Baseline data collected before randomization were analyzed. All participants were paid for their time to complete the survey. The study protocol was approved by the institutional review boards at the University of Connecticut and Yale University, and received board approval from the methadone clinic. Clinical trial registration is available at www.ClinicalTrials.gov (NCT01741311).
Participants
We recruited 133 participants between September 2012 and January 2018. Individuals were eligible if they: (1) were aged 18 years or older; (2) confirmed HIV-positive status; (3) reported drug-(ie, sharing of injection equipment) or sexrelated (ie, condomless sex) risk behavior (past 6 months); (4) met DSM-V criteria for opioid use disorder and stable on methadone (dose ;80 mg); (5) able to understand, speak, and read English; (6) not actively suicidal, homicidal, or psychotic; and (7) able to provide informed consent. Only those individuals who reported taking ART in the past month were included in the analysis (N = 121).
Measures
The dependent variable was optimal ART adherence in the past month, measured using an empirically validated, selfreport visual analog scale. 25 In this method, participants were asked to indicate the percentage of ART medication taken as directed in the previous month by pointing along a continuous line between 0% and 100%. Optimal ART adherence was defined as adherence of 95% or greater. 9 Covariates included in the analysis were based on previous research on adherence as well as findings from other studies conducted within drug treatment settings. Data collected included participant characteristics, including age, gender, sexual orientation, ethnicity, marital status, educational status, employment status, income, living status, methadone dose, HIV diagnosis duration, and ART status. Other variables included participant health status variables including the most recent viral load and CD4 count. These variables were extracted from their medical record. Viral suppression was defined as clinic-recorded HIV-1 RNA test value ,200 copies/mL and high CD4 as CD4 count $500 cells/mm. 3, 26, 27 Motivation to adhere to ART was measured using an 18-item, validated scale (for example, "How strong is your intention to take all of your ART medications as directed by your health care provider in the next month?", and "When you were growing up, how important was it to members of your family to take medications as prescribed?"). Responses were indicated on a 4-point Likert scale ranging from not at all (0) to extremely (3), with higher values indicating greater motivation to adhere to ART (a = 0.72).
Data collection also included measures of the information-motivation-behavioral skills (IMB) model constructs related to HIV risk reduction, 28 HIV-related stigma included measures of internalized, anticipated, and enacted HIV stigma assessed using a validated HIV stigma Mechanism Measure. 29 Internalized HIV stigma (a = 0.91) was measured with 6 items, including "I feel ashamed of having HIV." Anticipated HIV stigma (a = 0.90) was measured with 9 items, including "Healthcare workers will treat me with less respect." Enacted HIV stigma (a = 0.91) was measured with 9 items, including "Family members have avoided me." Items were rated on 5-point Likert-type scales. Items were averaged to create composite scores with higher scores indicating greater stigma.
Disclosure of HIV status was defined as having any sex where HIV status to the partners was disclosed in the past 6 months. Serostatus disclosure to partners was measured by asking, "In the past 6 months, did you have sex with anyone who you told your HIV status sometime before you had sex?" Responses were reported using a "yes" or "no." Participants were also asked about their knowledge of partner's HIV status in the past 30 days.
The HIV risk assessment, adapted from NIDA's Risk Behavior Assessment, 30 was used to measure several aspects of HIV risk behaviors in the past 30 days, including a measurement of "any" high-risk behavior (sexual or drugrelated) as well as measurements of event-level (ie, partnerby-partner) behaviors. dependent variable (ie, ART adherence), we conducted multivariable logistic regression analyses on those bivariate associations found to be significant at P , 0.10. In addition, we examined the interactive effect of pairs of variables in the main-effects model to determine the moderated effect on optimal ART adherence. Stepwise forward entry and backward elimination methods both showed the same results in examining the independent correlates (P , 0.05) expressed as adjusted odds ratios (aORs) and their 95% confidence intervals. Model fit was assessed using the Hosmer and Lemeshow test. 31 Next, we incorporated a mediation model to examine the explanatory pathway through which significant correlates, based on multivariable logistic regression, influence optimal ART adherence. We used the SPSS PROCESS macro developed by Hayes (2013), which utilized the logistic regression model to test the mediational effect. As outlined by Baron and Kenny (1986) , this macro estimates all paths designated in mediation models (Fig. 1) . The indirect effect was calculated as the product of the beta coefficients from 2 regression models (a*b). In addition, the test of the mediational process was further guided by the Sobel test, 32 and the bootstrap method. 33 Bias-corrected bootstrap confidence intervals (95%) were calculated to estimate indirect effects using 5000 iterations, and an indirect effect was determined to be significant if the confidence interval did not include 0. 33 The following covariates were included in our mediation model: age, gender, sexual orientation, ethnicity, marital status, education, and income. Estimates were evaluated for statistical significance based on P , 0.05. All analyses were conducted using SPSS version 23. 34 Table 1 summarizes participant characteristics. The mean age of participants was 49.4 (68.3) years, and over half of the participants (53.7%) reported cocaine use in the past 30 days. In our sample, 63.6% had achieved optimal adherence and 85.4% were virally suppressed. Self-reported HIV risk behaviors were highly prevalent among participants.
RESULTS
Participant Characteristics
Correlates of Optimal ART Adherence Table 1 shows the bivariate correlates of optimal ART adherence, and Table 2 shows the independent correlates associated with this outcome in multivariate modeling. Three factors were independently correlated with optimal ART adherence: being virally suppressed (aOR = 6.470, P = 0.038) and having higher motivation to adhere to ART (aOR = 1.171, P = 0.011) were positively correlated, whereas having anticipated HIV-related stigma (aOR = 0.384, P = 0.015) was negatively correlated with optimal ART adherence. Furthermore, we also found a significant interaction effect that involved motivation to adherence to ART combined with drug injection to be correlated with optimal ART adherence (aOR = 1.086, P = 0.049). The results of the post hoc analyses showed that drug injection had significant influence on ART adherence at lower levels of motivation to adhere to ART (Effect = 20.3764, P = 0.033). This effect was, however, nonsignificant at greater levels of motivation to adhere to ART.
Participants in the current study were recruited over the course of 5 years, thus presenting history/maturation as a potential threat to internal validity. We, therefore, redid the analysis for Table 2 adjusting for the year of recruitment in the multivariable model, but there were no significant differences observed in the results (see Table 1 , Supplemental Digital Content, http://links.lww.com/QAI/B231).
Test of Mediation
Next, we examined the role of motivation to adhere to ART on the relationship between HIV-related stigma and ART adherence. Participants who anticipated HIV-related stigma were significantly less likely to have higher motivation to adhere to ART (B = 20.583, P = 0.025; path a). Higher motivation to adhere to ART was, in turn, positively associated with optimal ART adherence (B = 0.209, P = 0.037; path b). The relationship between HIV-related stigma and ART adherence also emerged as significant (B = 20.248, P = 0.042; path c). This relationship was, however, nonsignificant after controlling for motivation to adhere to ART (B = 20.127, P = 0.059; path c), thus supporting the hypothesized mediation effect. The formal 2-tailed significance test demonstrated that the indirect effect was significant (Table 3) , with a bootstrapped 95% confidence interval around the indirect effect not containing zero (20.203 to 20.064). All these analyses support our hypothesis of an indirect effect (ie, mediation) of HIV-related stigma on ART adherence through motivation to adhere to ART (Fig. 1) .
DISCUSSION
This study, to the best of our knowledge, is the only study that examines factors correlated with optimal ART adherence in PLWH on methadone-a group of PWUD whose adherence is already increased by virtue of being on opioid agonist therapy. 16 Several key findings emerged that provide guidance for tailoring HIV prevention and treatment in PWUD. First, despite the known ART adherence benefits of being prescribed methadone, 16 optimal adherence levels remained relatively low but similar to other studies, 35, 36 suggesting the need for further intervention.
PLWH on MMT often encounter numerous barriers that contribute to suboptimal ART adherence, including ongoing drug use, stigma and discrimination, chaotic lifestyle, and complex array of social, medical, and psychological issues. 15, [37] [38] [39] [40] [41] The finding that viral suppression is associated with optimal adherence has been demonstrated in multiple studies, and similar to these, it was the single most important correlate. Unlike other studies, 10, 42 ongoing drug use such as cocaine did not adversely influence medication adherence.
Clinicians and researchers alike often find viral suppression to be an excellent marker for adherence; yet, identifying suboptimal adherence before virological failure occurs would be an important target for intervention.
The finding that higher levels of motivation to adhere to ART is an important and new finding in PLWH on MMT. Patients with substance use disorders, generally, have lower motivation levels, which include individuals' beliefs and attitudes about the consequences of adherence, perhaps attributed to depressive symptoms (not measured here). As part of future interventions, factors that increase motivation, either by screening and treating underlying depression or better informing patients about the benefits of ART adherence, as stipulated in the IMB feedback model, 43, 44 could potentially increase motivation levels generally and most importantly focus on ART.
Concerning is the finding that increasing levels of anticipated stigma (ie, fear that stigma will be experienced) are correlated with suboptimal adherence. This finding has been demonstrated elsewhere among PLWH, 29,45-47 but less well described in patients with substance use disorders. It is possible that anticipated stigma associated with both HIV infection and drug use may discourage these individuals to disclose their HIV status. This, in turn, may lead to underutilization of available HIV treatment services and suboptimal adherence because of fear of rejection and discrimination. New strategies that specifically address anticipated stigma may enhance ART adherence among HIVpositive methadone-maintained patients as well as their overall health status. One highly effective strategy, HIV TasP, [3] [4] [5] [6] has the potential to curb HIV incidence at the population level, and they may reduce stigma related to HIV and its effects. 47 The scientific evidence behind TasP led to the Undetectable = Untransmittable (U = U) campaign, 48 which has been rapidly gathering momentum, having been endorsed by more than 400 organizations from 60 different countries including the US Centers for Disease Control and Prevention. 49 This U = U strategy has not, however, transcended drug-using populations regarding uptake. Such strategies remove the absolute need to disclose their HIV status and markedly reduce the negative consequences (eg, HIV-related stigma) to PLWH through the disclosure process and thus may improve adherence to ART. Our findings further demonstrated that there is a complex interplay between motivation to adhere to ART, injection-related practices, and optimal ART adherence. Although nonsignificant in the current study, similar studies have found that people who inject drugs have been less likely to achieve optimal adherence. [10] [11] [12] As an extension of previous findings, our results point toward an interactive effect of motivation to adhere to ART and drug injection on individuals' ART adherence. That is, those who injected drugs were likely to report optimal ART adherence only if they had higher motivation to adhere to ART. This highlights the importance of precisely targeting the impact of drugrelated risk behaviors, while enhancing motivation to adhere to ART.
The results of this study also provide preliminary evidence of how an individual's anticipated HIV-related stigma may influence their ART adherence, taking into consideration their motivation to adhere to ART. Our data demonstrated a significant mediating effect of motivation for ART adherence in the relationship between HIV-related stigma and ART adherence. That is, HIV-related stigma was negatively associated with motivation to adhere to ART. Higher motivation, in turn, was associated with optimal ART adherence. This mediation effect demonstrates that motivation to adhere to ART may be an important path through which HIV-related stigma influences individuals' adherence to ART. This finding reinforces our previous finding that efforts to improve ART adherence should consider ways to harness motivation so that individuals better adhere to their treatment regimen.
Findings from this study are not without limitations. First, participants were recruited from MMT sites within one county, potentially limiting generalizability of findings to HIV-positive patients on MMT nationwide. Second, we relied on self-reported measures of ART adherence as well as several correlates of adherence, which may have been subject to reporting bias, particularly overestimating adherence and underreporting risk behaviors. Third, the data were crosssectional in nature, thus limiting our ability to infer direct causation from the associations we found. Fourth, the study sample was relatively small, which may have limited our ability to detect significant associations of other relevant variables. Fifth, the inclusion of participants meeting specific eligibility criteria (eg, able to understand, speak, and read English, not actively suicidal or psychotic, met DSM-V There have been substantial advances in the use of ART for the treatment and prevention of HIV infection. Optimal adherence to ART is, however, vital to sustained HIV suppression, reduced risk of HIV transmission, and improved overall health and quality of life. 1, 2 Findings from this study underscore the complexities surrounding ART adherence among high-risk HIV-positive methadone-maintained patients. Our findings are unique, given the relative dearth of research on ART adherence practices relative to the factors we were able to examine in our analyses. Furthermore, the results make a significant contribution to our understanding of the explanatory pathways through which various factors influence ART adherence. Because HIV prevention efforts rely on the TasP approaches, 50,51 future interventions approaches will need to carefully address population-specific needs (eg, harm reduction, overcoming stigma, and improving motivation for medication adherence) that may not be evident, but may strongly influence HIV prevention outcomes.
